


distributed by 


wT OF 
Preyer iy Or 
by A | | es <a s s 
Ce PO \\'// 7-4 
pee VETeNSe reChhiCal mMformation Genter 
'. e F 
b . AS 
Bee ATES it we 





DEFENSE LOGISTICS AGENCY 


Cameron Station + Alexandria, Virginia 22314 


UNCLASSIFIED 
ADA Io 4, 


NOTICE 


We are pleased to supply this document in response to your request. 


The acquisition of technical reports, notes, memorandums, etc., is an 
active, ongoing program at the Defense Technical Information Center 
(DTIC) that depends, in part, on the efforts and interests of users and 
contributors. 


Therefore, if you know of the existence of any significant reports, etc., 
that are not in the DTIC collection, we would appreciate receiving copies 
or information related to their sources and availability. 


The appropriate regulations are Department of Defenge Directive 5100.36, 
Defense Scientific and Technical Information Program; Department of 
Defense Directive 5200.20, Distribution Statements on Technical Docu- 
ments; Military Standard (MIL-STD) 847-A, Format Requirements for 
Scientific and Technical Reports Prepared by or for the Department of 
Defense; Department of Defense Regulation 5$200.1-R, Information 
Security Program Regulation. 


Our Acquisition Section, DTIC-DDA-1, will assist in resolving any questions 
you may have. Telephone numbers of that office are: (202) 274-6847, 
274-6874 or Autovon 284-6847, 284-6874 


June 1982 





. = rear. S 
z pf 


f 


-— eNCLASSIFIED AD-A140 793 (/ ros | 
SECURITY CLASSIFICATION OF THIS P&GE . : ; . , 


2 REPORT DOCUMENTATION PAGE | | 


te. REPORT SECURITY CLASSIFICATION Ib. RESTRICTIVE MARKINGS | 
UNCLASSIFIED 


2a, SECURITY CLASSIFICATION AUTHORITY 
N/A 

2b. DE CLASSIFICATION/OOWNG RADING SCHEDULE 
N 
N 


/A 
& PERFORIAING ORGANIZATION REPORT NUMBER(S) 
[A - 


6a. NAME OF PERFORMING DAGANIZATION bb. OF FICE SYMBOL 
Defense Mapping Agency (tf upplicedie) 


Hydrographic/Topographic Ctr. | DMAHTC/GST 
6c. ADDRESS (City, Stete end ZIP Code) . 


6500 Brookes Lane 
Washington, DC 20315 


a 
ce 





a oes. 


4. a 










































3. OISTRIBUTION/AVAILABILITY OF REPORT 
Approved for public release; 
distribution unlimited 


$. MONITORING ORGANIZATION REPORT NUMBER(S) 
N/A 


7a NAME OF MONITORING ORGANIZATION 


N/A 










7b. ADDRESS (City, Stote end ZIP Code) 


N/A 


2 
‘ 















Be. NAME OF FUNOING/SPONSORING 
ORGANIZATION 


Defense Mapping Agency 






Bo. OF FICE SYMBOL 
Hf applicedle) 


PAO 


9. PROCUREMENT INSTRUMENT IDEN 













BSc. ADDRESS (City, Stee and 71P Code) 


Building 56, U.S. Naval Observatory 
Washington, DC 20315 


19. TITLE (include Secerity Clestfication) 
NAVSTAR Global Positioning System Overview 


12. PERSONA! AUTHOR(S) 
Wooden, William H. 


13a TYPC OF REPORT 13b. TIME COVERED 14. OATE OF REPORT (Yr., Mo., Dey) 
Final FROM To N/A 1984 April 10 
186. SHIPPLEMENTARY NOTATION — : 


Prepared for presentation at PACON 84 - Pacific Conference on Marine Technology, 
24-27 April 1984, in Honclulu. 


10, SOUACE OF FUNDING NOS. 


PROGRAM PROJECT 
ELé MENT NO. NO. 

















N/A - N/A 














15. PAGE COUNT 


19 













1?. COSATI CODFS ' 12 SUBJECT TERMS (Conlinue on reverse if necessary end identify by block number) 
f ° 
FIELO GROUP GPS 


07 Precise Positioning Service (PPS) 
03 Standard Positioning Service 
19. ABSTRACT (Continue on reverse if necessery and identify by Hock number) a | 
The NAVSTAR Global Positioning System (GPS) is an all-weather, space-based navigation system 
under development by the Department of Defense (DoD) to satisfy the requirement for the 
military forces to accurately determine their position, velocity, and time in a common 
reference system, anywhere on or near the Eartk on a continuous basis. The Air Force Systema 
Command's Space Division acts as the executive agent for the DoD in managing the GPS program. 
The joint program office, which is located at Space Division headquarters in Los Angeles, 
has representatives from the Army, Navy, Marine Corps, Defense Mapping Agency, Department 
of Transportation, NATO, and Australia. The system is being developed in three phases: 
Phase I, concept validation; Phase II, full-scale engineering ard development; and Phase III 
Rproduction. Currently, the GPS program is in the full-scale engineering and development 
phase. During this phase a constellation of five to six satellites is being maintained to 
support testing so that the operational effectiveness of the GPS concept for both military 
and civilian users will be verified. The biildup of the operationai constellation will 


co & “3¢ 
20. DISTRISUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURIT Y CLASSIFICATION 
Se | maovuncimiteo K) same as ner. 0 onic usens (1 (CLASSIFIED “ 0 5) 0 2 0? 
. 22b. TELEPHONE NUMBER 22c. OF FICE SYMBOL 
; (include Avee Code) 
7 (202) 227-2152 DMAHTC/CST 


SECURITY CLASSIFICATION OF THIS PAGE | 
ot Pm PS oy Prete y 5 - eee 





re “ 
swe one eld 


UNCLASSIFIEF ° 





2A EARS NEE Py 


SECURITY CLASSIF eases OF THIS PAGE 


> 


end ; 
3 

° + = 

eo . 


begin in late 1986 and will take apprcximately two years to complete. Even though the 
system is not fully operational, several potential civilian applications exist. 


e Bi 
se" 
a 4 
aes, - 
i & _ 
b ir} ade . 
 ) 
( 
eS 
| Kewession FOF 
pris ORARL 
* pric | 
ji  Urvemmowne 4 sl 
Seneca a 
! by | 
| Srewrtpurtons 
| \~ pwattadility our ck 
’ yah and/or } 





r) eo ns 
, ee 
“~ ~y 
$ e “ a 
, ¢ \oed 
Y wi - ie | 
: A 
rl 
= — 
7 'e 







' SECURITY CLASS! AS: FICATION C i . : 


al if *! 2, 
4 = Fy i “ __ Pe 
i ee aa Le hey ae Fab er ts — 
a nics Pes - a oF — _" al al A : 
7 * * 


brtnasey ntti callie th eae ae oe 


o=S=S=-—-—ClUEE OEE 


a ae = - 
-. om a - 





Navstar Global Positioning System Overview 


William H. Wooden 


Navstar Global Positioning System ry TICS 


Defense Mapping Agency pes 
Los angeles, California 90009 ELECTE mY 
MAY 4 8451 F 














The Navstar Global Positioning System (GPS) is an all-weather, 
space-based navigation system under development by the Department 
of Defense (DoD) to satisfy the requirement for the military forces 
to accurately determine their position, velocity, and time in a common 
reference system, anywhere on or near the Earth on a continuous 
basis. ~The Air Force Systeus Command's Space Division acts as the 
executive agent for the DoD in managing the GPS program. The joint 
program office, which is located at Space Division headquarters in f 
Los Angeles, has representatives from the Arnuy, Navy, Marine Corps, 
Defense Mapping Agency, Department of Transportation, NATO, and 
Australia. The system is being developed in three phases: Phase i, 
concept validation; Phase 1I, full-scale engineering and development; 
ami Phase III, production. > Currently, the GPS program is in the 
full-scale engineering and development phase. During this phase, 
a constellation of five to sir satellites is being maintained to 
support testing so that the operational effectiveness of the GPS 
concept for both military and civilian users will be verified. ‘The 
buildup of the operational constellation will begin in late 1386 
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The Navstar Glotal Positioning Systex (GPS) is a space~based, 
radio positioning, navigation, and time-transfer system that will 
become fully operational in the late 1980s. GPS has the potential 
for providing highly accurate three-dimensional position and velo- 
city information along with Coordinated Universal Time (UTC) to an 
unlimited number of suitably equipped users wider all weather con- 
ditions, continuously, anywhere on or near the surfece of the Earth. 
GPS is being developed by the U.S. Government and is in the 
full-scale engineering development phase. The system is managed 
by the U.S. Air Force Space Division as a joint program involving 
all the services, plus the Defense Mapping Agency, the Department 
of Transportation, NATO, and Australia. In this phase of the pro~ 
gram the production baseline for the operational satellite will 
be established, the operational control segment will be completed, 
and the final determination on the configuration of user equipment 


to accommodate all classes of system useri will be accomplished. 
SYSTEM DESCRIPTION 


The Navstar GPS navigation and time-transfer system operates 
on two L-band frequencies, L, (1575.4 MHz) and Lo (1227.6 MHz). 
The system consists of three major segments: a space segment, satel- 
sites that transmit radio signals; a control segment, ground-based 
equipment to monitor the satellites and update their signals; and 
a@ user segment, equipment wnich passively receives and souverts 


satellite signals into positioning and navigation information (see “ig. 1 


When fully operational at the end of 1988, the space segment 
will contain 18 satellites in six orbital planes, each having 
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satellites. The satellites will operate in ciroular 20,200-kilometer 
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Orbits at aM inclinatauu vi 95> uegress with lc<-nuuw perilous. rrvecise 
spacing oF the satellites in orbit wilt be arranged such that a min- 
imua of four satellites will be in view to a user at any time on a 
worldwide basis. Each satellite will transmit an I, and an L2 sig- 
nal. Superimposed on these signals will be navigation and system 
data, inoluding a predicted satellite ephemeris, atmospheric propa- 
gation correotion data, satellite clock error information, ani sat- 
ellite health data. Ht ) 

Tne control segment includes a master control station (MCS) 
ail a number of monitor stations and ground antennas located through- 
out the world. It consists cf equisment and facilities required for 
satellite monitoring, telemetry; traoking, commanding, and control, 
uploading, and navigation message generation. The monitor stations 
passively track the satellites, accumulate ranging data from their 
signals, and relay them to the. MCS where they are processed to | 
determine satellite position and signal data accuracy. The MCS 
updates the navigation message of each satellite and relays this 
information to the ground. antennas which transmit it to the satel- 
lites. The ground antennas are also used for transmitting and re- 
ceiving satellite control information. 

The user segment includes low, medium, and high dynamio re- 
ceivers designed to different requirements of various users. The 
user equipment is designed to receive and process signals from four 
orbiting satellites oither simultaneously or sequentially. The 
processor in the receiver then converts these signals to three~ 
Gimensional navigation information in World Geodetic System ooord- 
inates. Positioning data are presented on a display unit in any 
otner coordinate system desired ty the user. In addition precise 
time information is available for use in the host vehicle. 
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GPS is being developed to provide multiple users with accurate 
continuous, worldwide, all-weather, common-grid, three-dimensional 
positioning and navigation information. Because of the unique ca- 
pabilites of the system, it is reversing the trend of proliferation 
of radio navigation systems within the U.S. Department of Defense. 
Table i compares the nominal GPS user set performance characteridsics 
with other operational navigation systems. ‘ 

To obtain a navigation solution of position and time (4% unknowns), 
four satellites must be selected. The GPS user measures pseudo — 
range and pseudo’ yange rate by synchronizing and tracking tive navi--. 
gation signal from each of the four selected satellites. Pseudo- 
range is the true distance between the satellite and the user plus 
an offset due to the user's clock bias. Pseudo crange rate is the true 
Slant range rate plus an offset due to the frequency of the user's 
clock. By decoding the ephemeris data and system timing information 
on each satellite's signal, the user's pedetven/aroosusce can con- 
vert the pseudo range and pseudo range rate to user three-dinen- 
Sional position and velocity. Four measurements are necessary to 
solve for the three unknown components of position (or velocity) and 
the unknown user time bias (or frequency). 

The navigation accuracy that can be achieved by any user de- 
pends primarily on the variability of the errors in making pseudo — 
range measurements and tha instantaneous geometry of the satellites 
as seen from the user's location on Earth (Payne, 1982). Additional 
information on the navigation solution and navigation technique is 
given in Reference 3 (Milliken and Zoller, 1980). 
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In Decewber 1973 the Defense Systems Acquisition Review Council 
(DSARBC) authorized a step-wize, design-to-cost development and test 
program which would lead, in successive phases, to an operational 
GPS. The system concept resulted from the integration of the best 
features of previous navigation satellite concepts being pursued in- 
dependently by the U.S. Navy and the U.S. Air Force. 

Tne Navstar program is being developed in three phases; Phase I, 
concept validation; Phase It; full-scale engineering anc development; 
ami Phase III, production. The details of the schedule are shown in 
Figure 2. During Phase [I al i satellites were developed, a 
oontrol segment was established, and advanced engineering models of 
user equipment were tested. Currently, the program is in Phase II. 

The main tasks of this phase include developing the prototype opera- 
tional satellite, the operational control system, the prototype user 
equipment, and the completion of the developuentel test and evalua-~- 
tion/initial operational test and evaluation (DT&E/IOT&E). 

The current GPS constellation consists of a limited number of 
developmental satellites configured in two planes inclined at 63 degrees 
with respect to the equator. There are four good satellites (N.vstars 
3,4,6,8) plus one satellite (Navstar 1) which is generally not being 
used for navigation because it is operating with a quartz orystal clock. 
| The current constellation is shown in Pigure 3. The next satellite 
(Navstar 9) is scheduled to be launched in April 1984. The plan is 
to maintain a minimum constellation of five satellites for the con-~ 
pletion of the test ard evaluation period for the system. It is our- 
rently projected that the last two Block I test satellites will be 
launched in mid-1984 and late<1984 or in 1985 to maintain the test 
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configuration. 


Ths cperational constellation is a 6-plane, uniform 18-satel- 
lite oonfiguration plus three active spares. The spares ara neces- 
wary to guarantee very high system availability for the 18~satellice 
constellation. Figure 4 illustrates the operational constellation. 
The planes of the constellation are 60 degrees apart in longitude 
with each plane containing three satellites separated by 120 degrees. 
The phasing from plane to plane is 40 degrees so that a satellite in 
one plane has a satellite 40 degrees abrad (north) of it in the ad~ 


jacent plane to the east. According to the current plan, the Block II 


(operational) satellites will be launched at a rate of eight or nine 


per year beginning in October 1986. Two-dimensional coverage should 


be available by the latter part of 1987 and three-dimensional coverase, 
barring failures, snould be available by the end of 1988. 

Tre Phase { control segment consisted of a master control station 
and antenna located at Vandenberg APB, CA, an4 monitor stations loca- 
ted at Vandenberg AFB, Alaska, Guam, and Hawai‘. ‘The initial control 
system which will f111 the control segment «ap between Phase I and the 
final operational control system became fully operational in January 
1983. 

The final operational control system (OCS) will consist of a 
master control station, three groum antennas, and five monitor sta- 
tions. The master control station wilu be located at the Consoli- 
dated Space Operations Center (CSOC), Colorado Springs, CO. One ground 
antenna and monitor station will be located at Kwajalein, Diego Garcia, 
and Ascension. Two additional monitor stations will be located at 
the CSOC and in Hawaii. The initial operational capability for the 


OCS is scheduled for October 1984. Details of the operational control 
system are shown in Figure 5. 
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ef Q In Phase I engineering development models of user equipment sets 
were tuilt and tested. The overall test objectives were to validate 
the GP3 concept, to identify preferred set requirements, to define 


| and bound system costs, and to demonstrate GPS military and ooamer- 
Clal v4..ue. | 
Currently, two U.S. contractors are developing a family of user 
 equ’.pment sets for demonstration and testing in the current phase 
of the GPS program. In order to enhance reliability and maintain- 
ability objectives of the user equipment, three main design features 
have been emphasized: the development and procurement of a small 


number of user equipment classes, the coammonality/interchangeability 


ve eS Eee ee Pee pe 


of units across user classes, am the utilization of a higher order 
language. These design features prevent the proliferation of a 
largo number of peculiar user sets, afford the advantage of large- 
lot Duys and common spares, and permit more efficient proszrassingz 
and reprogramming of requirement changes. The primary objeotive 
is to design and build a family of GPS user sets at a minimum life 
oycle oost oonsistent with performance and functional capabilities. 
Testing oontinues on the host. vehicles to cajjeot data to support .. 
She source selection deoision in January 1985 for the Phase III- .- 
user.equipment produotion oontract. Since 1977 more than 800 test 
missions have been accomplished. In virtually all of these tests 
the MNavstar GPS has exceeded speoifications. 


sia Tah MANAGEMENT 


The polioies for aaa and operation of all rafio navigation 
systems controlled by the U.S. Department of Defense (DoD) are 
reflected in che Federal Navigation Plan. The plan is a joint 
annual publication by the Departments of Defense and Transportation. 
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The operational satellites will provide two unique and distinct 
navigation sexvicec, the Precise Positioning Service (PPS) and the 
Standard Positioning Service (SPS). The PPS will be available to 
military users and accesa will be controlled by the use of crypto- 
graphic devices. The PPS is the service of highest accuracy whioh 
provides a positioning accuracy of 15 meters SEP, a velooity accuracy 





of 0.1 meter/sec ( 1 sigma). and a timing accuracy of better than . 
35 nanosec ( 1 sigma ). The SPS will be made available to the 
worldwide community of civil users and access will be controlled by 
a user charge device. Current policy (U.S.DoD, 1983) sets the ac- 
ourasy of SPS at 100 meters with a 95% level of confidence. 

The United States Congress has directed that civil and other 
government users will pay a fee for use of both the SPS and the Pps. 
These charges are currently stated at an annual fee of $3700 per 
user set for the: PPS and $370 per user set for the SPS. Recent ° 


a hee a | naiintdieiies 


resolutions submitted to Congress in the wake of the Korean Airline 
diaster show that there is an effort to make the GPS SPS available 





to civil users and to remove GPS user charges. However, it would 
be premature to discount user charges before a congressional decison 


: ig made. 
| The DoD policy is for Navstar GPS to become the primary DoD 
| rafdionavigation system. As GPS becomes operational, DoD will term- 
| inate operations with other radionavigation systems. Table 2 gives 
fe. the planned dates for starting the phase outs of systems ani the 





ok dates when the phase outs will be complete. 
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Eventhough Navstar GPS is not fully operational, several po- 
tential civilian applications exist. GPS will provide a broad spec-~ 
trum of civilian users with an accurate position, velocity, and time 
determination capability at a reasonable cost. Ultimately, it will 
replace many existing navigation systems. 

Many potential applications are shown in Figure 6. Civilian 
users of airborne, land-based, and maritime vehicles will benefit 
from GPS fox optimal course navigation, which will in turn reduce 
fuel costs ami transportation time. Search-and-resoue techniques 
can be enhanced because of the precision position identifioation 
oapabiity of GPS. The mineral exploration and geophysical survey 
oommunities will be able to accurately locate potential petroleum 
bearing areas, ore bodies, and active fault belts in a shorter period 
of time. Other GPS applications to Mapping, Charting, and Geodesy 
have been given elsewhere (Senus and Hill, 1981). The GPS common 
grid feature will enhance many land-vehicle operations. Airborne 
oollision avoidance systems and maritime hazard systems are also 
potential uses of the system. GPS time transfer applications include 
scientific, intra-system synchronization and inter-system synchron- 
ization uses (Van Dierendonck and Melton, 1983). 

In addition to the potential applications given above, GPS has 
demonstrated performance in space applications and baseline deter=- 
wtinations. Continuous 10 to 15-meter positioning in space wktheut 
the use of ground tracking systems has been dezonstrated on Landisat—4 
using a QPS receiver (Birmingham et al., 1983). Relative positions 
have been demonstrated to be acourate to within several centimeters 
Over baselines varying from hundreds or meters to tens of kilometers 
(Counselman et al., 1982). The potertial applications for GPS are 
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The Navstar GPS is evolving into a highly accurate, worldwide, 
all-weather navigation/positioning system applicable to the needs 
of both the military and civilian communities. Since 1977 extensive 
testing has taken place which vorified the established accuracy 
goals am the system operation under various mission-oriented con- 
ditions. There are numerous applications for which GPS can be. ex- 
ploited. Eventhough the system is not fully operational, it is 
veing used by diverse civilian groups such as NASA for orbit deter-~ 


‘Mination onboard Landsat-4 and 011 companies for geodetic positioning. 


As the system gairs acceptance by the civilian community, nore 
sophisticated uses for the system will be established. 


i: 








Panna 8582 EN 


1. Birmingham, W. P., 3. L. Miller, and W. L. Stein, 1983, "Experimental 
Results of Using the GPS for LANDSAT 4% On-board Navigation," Proceedings of 


the ION Aerospace Meeting, Arlington, Yirginia. 














2. Counselman, C. C., et al., 1982, "Accuracy of Relative Positioning by 


fas = = 


- Interferometry with GPS: Double Blind Test Results," Proceedings of the 
Third International Geodetio Symposium on Satellite Doppler Positioning, 
Vol. 2, pages 1173-1176. 


ie F Milliken, R. J. and C. J. Zoller, 1980, "principle of Operation 
Of NAVSTAR and System Characteristics," in "Global Positions System, * 
Papers published in Navigation, Institute of Navigation. , 


— A ee eT TR — 
4. Payne, C. R., 1982, “NAVSTAR Global Positioning Systea, 182," 
Proceedings of the Third International Geodetic Symposium on Satellite 
Doppler Positioning, Vol. 2, pages 993-1021. 





_S. Senus, W. J. and R. W. Hill, 1981, "GPS Applications to Mapping, 
Charting, and Geodesy," Navigation, the Journal of the Institute of 
Mavigation, Vol. 38, No. l. e 


6. Van Dierendonck, A. J. and W. C. Melton, 1983, "Applications of 


Time Transfer Using NAVSTAR GPS," Navigation, Vol 3C, No. 2 
= eee ne 


—_— ee 
7 WSs. Department of Defense, 1983, Office of Assistant Secretary of 
Defense (Public Affairs), Washington, D. C., New Release, No. 328-83. 


7 


Au 





